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MODIFIED FACTOR VIII 

FIELD OF THE INVENTION 

The present Invention relates to polypeptides to be administered especially to 
5 humans and In particular for therapeutic use. The polypeptides are modified 
polypeptides whereby the modification results In a reduced propensity for the 
polypeptide to elldt an immune response upon administration to the human 
subject The Invention in particular relates to the modification of human Factor 
Vlil (FVIH) to result In FVIII proteins that are substantially non-lmmunogenic or 
10 less Immunogenic than any non-modified counterpart when used fn vivo. The 
invention relatBS fiJrthennoreTD T-ceB epitope peptides derived from said non- 
modified protein by means of which it Is possible to create modified FVIII variants 
with reduced immunogenldfy. 



IS BACKGROUND OF THE INVENTION 

There are many inslanoes whereby the efficacy of a therapeutic protein Is Hmlted 
by an unwanted wnmune reaction to the therapeutic protein. Several mouse 
monoclonal antibodies have shown promise as therapies in a number of human 
disease settings but m certain cases have tailed due to the Induction of significant 

20 degrees of a human anti-murine antibody (HAWIA) response [Schroff, R. W, et al 
(1985) Cancer R&s. 45: 879-885; Shawler. D.L. etal (1985) J. Immunol. 
1630-1635]. For monoclonal antibodies, a number of techniques have been 
developed in attempt to reduce ttie HAMA response IWO 88/09622; EP 0239400; 
EP 0438310; WO 91/06687]. These recombinant DMA approaches have 

25 generally reduced ttie mouse genetic information in flie final antibody construct 
whilst Increasing the human genetic information In the final construct. 
Notwithsteinding, tine resultant "humanized" antibodies have. In several cases, still 
eDcfted an Immune response In patients Dssacs J.D. (1990) Sem, Immunol. 2.: 
449. 466; Rebello. P.R. et al (1999) Transplantation gS; 1417-1420]. 

30 

Antibodies are not the only class of polypeptide molecule administered as a 
therapeutic agent against which an Immune response may be mounted. Even 
proteins of human origin and wiOi the same amino acid sequences as occur 
wittiin humans can still induce an Immune response in humans. NoTable 
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examples include the therapeutic use of granulo^te-macrophage colony 
etbnulaflng factor [Wadhwa. M. et a! (1999) CUn. Cancer Res, 1353-1361] and 
inteiferon alpha 2 [Russo, D. et al (1996) Br/. J. Hoem. 300-306; Stein, R. et 
a! (1988) New Engl. J, Med. MS: 1409-1413] amongst others. 

A principal factor in the induction of an immune response 1$ the presence within 
the protein of peptides that can stimulate the activity of T-ceils via presentation on 
MHC dass II molecules, so-called T-cell epitopes". Sudi potential T-<:ell 
epitopes are commonly defined as any amino acid residue sequence witih the 
ability to bind to iVIi-IC Class II molecules. Such T-celi epitopes can be measured 
to esfeiblish MHC binding. Implicitly, a 'T-cell epitope" means an epitope which 
when bound to MHC molecules can be recognized by a T-cell receptor (TCR), 
and which can, at least in principle, cause the activation of these T-oells by 
engaging a TCR to promote a T-cell response. It is, however, usually understood 
that certain peptides which are found to bind to MHC Class II molecules may be 
retained In a protein sequence because such peptides are recognized as "self 
within the (Nganism Into which the final protein is administered. 

It is known, that certain of ^ese T-cell epitope peptides can be released during 
the degradation of peptides, polypeptides or proteins within cells and 
subsequently be prasentsd by molecules of the major hlstocompatabili^ complex 
(MHC) In order to trigger the activation of Ti-oells. For peptides presented tyy 
MHC Class II, such activation of Tcells can then give rise, for example; to an 
antfbody response by direct stimulation of B-cells to produce such antibodies. 

MHC Class II moleculOT are a group of highly polymorphic proteins which play a 
central role in helper T-cell selection and activation. The human leukocyte 
antigen group DR (HLA-DR) are the predominant Isotype of this group of proteins 
and are the major locus of the present invention. However. Isotypes HLA-DQ 
and HLA-OP perfonti similar functions, hence the present Invention is equally 
applicable to these. The MHC class II DR mofsculs Is msde of an alphi snd a 
beta chain which insert at their C-temfilnl through the coll membiBne. Each 
hetero-dimer possess^ s Iigand binding domain which binds to psptidisS \.mvyln§ 
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accommodate a maximum of 1 1 amino adds. The ligand binding domain is 
comprised of amino acids 1to 85 of tiie alpha chain, and amino acid$ 1 to 94 of 
the beta chain. DQ molecules have recent^ been shown to have an homologous 
stnjcture and the DP family proteins are also expected to be very similar. In 

5 humans approximately 70 different allotypes of the DR isotype are known, for DQ 
ttiere are 30 difTerent allotypes and for DP 47 difHsrent allotypes are known. Each 
Indi^riduat bears two to four DR alleles, two DQ and two DP allelee. The structure 
of a nurrtber of DR molecules has been solved and such structures point to an 
open-ended peptide binding groove with a number of hydrophobic pocicets which* 

10 engage hydrophobic residues (pocket residues) of the peptide [Brawn et al 
Natum (1803) 3§±: 33; Stem et al (1884) Nature 368: 21 Q]. Polymorphism 
identi^ng the dtfl^nsnt allotypes of class II molecule contributes to a wide 
diversity of dlflbrent binding surfaces for peptides within the peptide binding grove 
and at the population level ensures maximal flexibility with regard to the ability to 

15 recognize foreign proteins and mount an immune rssponse to patiiogenic 
organisms. 

There is a considerable amount of polymorphism yntWhltn the ligand binding domain 
with distinct lamilies" within dHferent geographical populations and ethnic groups. 
This polymorphism affects the binding characteristics of the peptide binding 

20 domain, thus different liamiiies" of DR molecules will have specificities for 

peptMes with different sequence properties, although there may be some o\«r1ap. 
This specificity detemnines recogn'rtkjn of Th-celi epitopes (Class II T-ceil 
response) which are ultimately responsible for driving the antibody response to B- 
cell epitopes present on the same protein from which the Th-cell epitope Is 

25 derived. Thus, the immune response to a protein in an indi>dduai Is heavily 

influenced by T-celi epitope recognition which is a fun(^on of the peptide binding 
spedffcity of that Individual's HLA-DR allotype. Therefore, in order to Identify T- 
oell epitopes within a protein or peptide in the oontext of a global population, it Is 
desirable to consider the binding properties of as diverse a set of HLA-DR 

30 allotypes as possible, thus covering as high a percentage of the world population 
as possible. 

An Immune rsspor^e to a therapeutic protein proceeds via the MHC class il 
peptide presentation pathway. Here exogenous proteins are engulfsd and 
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processed for presentation In assoclatfon with MHC class II molecules of the DR. 
DQ or DP lype. MHC Class II molecules are expressed by professional antigen 
presenting cells (APCs)» such as macrophages and dendrifio cells amongst 
others. Engagement of a MHC class II peptide complex by a cognate T^ll 
5 receptor on the surface of the T-cell. together with the cross-binding of certain 
other co-receptors such as the CD4 molecule, can induce an activated state 
within the T-oell. Activation leads to the release of cytokines further activating 
other lymphocytes such as B cells to produce antibodies or acthrating T killer cells 
as a full cellular immune response. 

10 

The abili^ of a peptide to bind a given MHC class II molecule tor presentation on 
the surface of an APC Is dependent on a number of Actors most notably its 
primary sequence. This will influence both its propensity for proteolytio cleavage 
and also its affinity for binding within the peptide binding deft of the MHC c^ 11 
15 molecule. The MHC dass II / peptide complex on the APC surface presents a 
binding face to a particular T-oell receptor (TCR) able to recognize determinants 
provided both by exposed residues of the peptide and the MHC dass If molecule. 



In the art there are procedures fbr identifying synthetic peptides able to bind MHC 
20 dass II molecules (e.g. W098/5297e and WOOO/34317). Guch peptides may not 
fiincfion as T-ceH epitopes In aO situations, particularly, In v/vo due to the 
processing pathways or other phenomena. T-Ksell epitope Identification Is the first 
step to epitope elimination. The Identiiication and removal of potential T-cell 
epitopes from proteins has been previously disdosed. In the art methods have 
25 been provided to enable the detection of T-ceJI epitopes usually by computational 
means scanning for recognized sequence motifs in experimentally detemiined T- 
oell epitopes or alternatively using computational techniques to predict MHC class 
ll-binding peptides and In particular DR-bindIng peptides. 
W088/5297e and WOOO/34317 teach computational threading approaches to 
30 Identifying polypeptide sequences with the potential to bind a sub-set of human 
MHC class II DR allotypes. In these teachings, predicted T-cell eprtopes are 
removed by the use of judicious amino acid substitution wKhln the primary 
sequence of the ther^peuac antibody or non-antibody protein of both non-human 

- -I f» . . I __t - . 
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Other techniques expIoHlng soluble complexes of recombinant MHC molecules in 
combination with synthetic peptides and able to bind to T-cell clones from 
peripheral blood samples from human or experimental animal subjects have been 

5 used In the ari: [Kern. F. ©t al (1998) Nature Medicine 4:975-978; Kwok, W.W. et 
al (2001) TRENDS in Immunol. 22:583-5881. These and other schemes including 
for example the use of whole FVlUprotelns or FVIII derived synthetic peptides or 
variant molecules thereof which are screened for molecules with altered ability to 
bind or^tlmulat© T-cells may al6o be exploited In an epitope identification 

10 strategy. 

As depicted above and as consequence thereof, ft would be desiiable to identify 
and to remove or al least to reduce T-ceH epitopes ftom a given in principal 
therapeutically valuable but originally Immunogenic peptide, polypeptide or 
15 protdn. 

One of these therapeutically valuable molecules Is FVIII. The present invention 
provides for modified forms of human FVIII with one or more T cell epitopes 
removed. FVIII is a coagulation factor wlttiln 1h© Intrinsic patiiway of blood 

20 coagulation. FVIII is a cofactorfor factor IXa that. In the presence of calcium Ions 
and phospholipid, converts factor X to the activated form Xa. The molecular 
genetics of FVIII are well studied not least as defecte In tiie X-Iinked gene for 
FVIII give rise to hemophiiria A. The FVIII gene encodes two aKematively spliced 
transcripts giving rise to tiie large glycoprotein FVlti Isofomn A and ttie amaOer 

25 isoform B. In the native state multiple degradation or processed fonns derived 
from ttie Isofomi A precursor can be identified and particular functional activities 
have been ascribed to particular fragments. FVIII protein may be functionally 
defined as a factor capable of con-ecting the coagulation defect in plasma derived 
from patients aff^scted by hemophilia A. 

30 

Fertile treatment of hemophilia A, FVIII has been produced in purified fonn from 
human or porcine plasma and more recentiy by recombinant DNA technologies. 
Despite the availability of therapeutic quantities of FVIII, tiiere is a continued need 
for FVIII analogues wHh enhanced properties. Desired enhancement® include 
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aftematlve schemes and modalftfes for the expression and purification of the 
pretBfn» but also and especially, Improvements In the biological properties of the 
protein. There is a particular need for enhancement of the in vivo chafacteristlcs 
when administered to the human subject. In this regard, it is highly desired to 
5 provide FVIII with reduced or absent potential to Induce an immune response in 
the human subject Such proteins would expect to display an increased 
circulation time within the human subject and would be of particular benefit In 
chronic and recurring disease settings such as is the case hemophliiia A. 

It is a parbcular objective of the present invention to provide modified FVIII 
proteins in which the Immune ohamoterietic is modified by means of reduced 
numbers of potential T-ceil epitopes. 

Others have provided FVIII molecules and in particular recombinant modified 
FVIII [US, 4,757,006; US,5.e33.150; US.6.688,108I, but none of these teachings 
recognise the importance of T cell epitopes to the immunogenic properties of the 
protein nor have been conceived to directly influence said pix>pertles In a specific 
and controlled way accoitiing to the scheme of the present invention. 

However, there is a continued need fbr FVIII analogues with enhanced 
properties. Desired enhancements Include alternative schemes and modalltfes 
for the expression and purification of the said therapeutio. but also and especially, 
improvements in the biological properties of the protein. There Is a particular 
need for enhancement of the In vivo characteristics when administered to the 
human subject. In this regard, ft is highly desired to provide FVIII with reduced or 
absent potential to induce an Immune response In the human subject 

SUMMARY AND DESCRIPTION OF THE INVENTION 

The present Invention provides for modified forms of human fedor VIII herein 
called -FVlir, In which the Immune charecterlstic is modified by means of 
reduced or removed numbers of potential T^ll epitopes. 
The Invention discloses sequences Identiffed within the FVIII primary sequence 
ihat are potently, t-o3„ epitopes by virtus of MHO dass II binding potential. This 
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disdosuie specificany pertains the human FVIIt protein being ieoform A of 2332 
ammo add residues and not Including the native N-teiminal signal sequence. 
The invention discloses also specific positions within the primary sequence of the 
molecule which according to the Invention are to be altered by specffte amino acid 
5 substitution, addition or deletion whilst retaining to a maximum degree the 

biological activity of the protein. In cases In which the loss of ImmunogenlcHy can 
be achieved only by a simulteineous loss of biological activity it is possible to 
restore said actlvHy by further alterations within the amino acid sequence of the 
protein. 

10 The Invention furthemiore discloses methods to produce such modified 

molecules, and above ail methods to identify said T-oell epitopes which require 
alteration in order to reduce or remove immunogenic t^s. 
The present invention provides for modified tomia of fVIII proteins that are 
expected to display enhanced properties 'm vivo. The present Invention discloses 

13 the major regions of the FVIII primaiy sequence that are immunogenic In man 
and provides modiflcatlon to the said sequences to eliminate or reduce the 
immunogenic efHsotiveness of these sites. In one embodiment, synthetic 
peptides comprising the said Immunogenic regions can be provided In 
pharmaceutical composition fbrthe purpose of promoting a tolerogenic response 

20 to the whole molecule. In a further embodiment, the modified FVIII molecules of 
the present invention can be used in pharniaoeuHcal compositions. 

In summary the invention relates to the following issues: 

• a modified molecule having the biological activity of FVIII and being 

25 substantially non-immunogenic or less Immunogenic than any non-modified 
molecule having the same biological activity when used in vivo\ 

• an accorxlingly spedfied molecule, wherein said loss of Immunogenicity is 
achieved by removing one or more T-ceil epitopes derived from the originally 
non-modified molecule; 

30 • an accordingly spedfied molecule, wherein said loss of Immunogenicity is 
achieved by reduction in numbers of MHC allotypes able to bind peptides 
derived from said molecule; 

• an accordingly specified molecule, wherein one T-cell epitope is removed; 
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• an accowlfngly specified molecule, wherein safd or^InalV present T-oefl 
ep»opee are MHC class II Hgands or peptide sequences which showthe abffity 
to stimulate or bind T-cefjs via presentation on class 11; 

• an accordingly specified molecule, wheieln said peptide sequences are 
5 selected from the group as depicted In Table 1; 

• an accordingly specified molecule, wherein 1 -9 amino add residues, 
preferably one amino add residue in any of the or^Inaiiy present T^sell 
epitopes are altered; 

• an accordingly spedfied molecule, wherein the atteretion of the amino add * 
residues is substitution, addition or deletion of originally present amino add(s) 
reslduecs) by other amino add residue(s) at specific positIon(s); 

• an accordingly spedfied molecule, wherein, if necessary, additionally further 
afteratlon usually by substitution, addition or deletion of speciflo amino add(8) 
}B conducted to restore biological activity of said molecule; 

• a peptide molecule of above sharing greater than 90% amino add Identity with 
any of the peptide sequences of Table 1; 

► a peptide molecule of above sharing greaterthan 80% amino add Identity with 
any of the peptide sequences of Table 1; 

• peptide sequences as above able to bind MHC dass 11; 

• an accordingly specified FVIII molecule, wherein one or more of the amino 
acid substitutions is conducted at a position oonesponding to any of the amino 
adds specified within Table 1 

a phamnaceutfcal oomposr&on comprising ary of the peptides or modified 
peptides of above having the activity of binding to IWHC dass 11 
a DMA sequence or molecule which codes for any of said specified modified 
molecules as defined above and t)elow; 

a phannaoeufical composition comprising a modified molecule having the 
biological activity of l=Vlil 

a phannaceutfcal composition as defined above and / or In the claims, 
optionally together with a phannaceutically accepTable canler. diluent or 
©xdplent. 

a method for manufecJuring a modified molecule having the biological aoS^, 

• .J... ••""^"i*: '. - ■ . 
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or part thereof, (ii) identifying one or more potential T-cell epitopes within tlie 
amino add sequence of the protein by any method including detennlnatlon of 
the binding of the peptides to MHC molecules using in vitro or In sifico 
techniques or biological assays; (HO designing new sequence variants with one 

5 or more amino acids within the identified potential T-oell epitopes modified In 
such a way to substantially reduce or eliminate the activity of the T-cefl epitope 
as determined by the binding of the peptides to MHC molecules using in vitro 
or in sUlGO techniques or biological assays; (jv) constmcting such sequence 
vaifants by reoombmant DMA techniques and testing said variants In order to 

10 identity one or more variants with desirable properties; and (v) optionally 
repeating steps (n) - (iv); 

• an accordingly specified method, wherein step (Hi) is cam'ed out by 
substitiJtion. addition or deletion ofl - 9 amino add residues in any of the 

originally present T-cen epitopes; 
15 • an accordingly specified method, wherein the alteration is made with reference 

to an homologous protein sequence and / or sHfco modeling techniques; 

• an accordingly spedfied method, wherein step OO of above is carried out by 
the fbllowing steps: (a) selecting a region of the peptide having a known amino 
acid residue sequence; (b) sequentially sampling overiapping amino add 

20 residue segments of predetennined unifomi size and constituted by at least 
three amino add residues from the selected region; (c) calculating MHC Class 
II molecule binding score for each said sampled segment by summing 
assigned values for each hydrophobic amino acid residue side chain present in 
said sampled amino add residue segment; and (d) identifying at least one of 

25 said segments sufTabte for modification, based on tiie calculated MHC Class 11 
molecule binding score for that segment, to change overall MHC Class il 
binding score fbr the peptide without substantially reducing therapeutic utility of 
the peptide; step (o) is preferably cam'ed out by using a BOhm scoring function 
modified to Include 12-6 van der Waal's ilgand-protein energy repulsive term 

30 and llgand confbnnational energy term by (1) providing a first data base of 
MHC Class II molecule models; (2) providing a second data base of allowed 
peptide backbones for said MHC Class II molecule models; (3) selecting a 
model from said first data base; (4) selecting an allowed peptide bad(bone 
from said second data base: (6) kf entifying amino add residue side chains 
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present in each sampled segment; (6) detemilning the binding afflnfiy value for 
all side chains present in each sampled segment; and repeating eteps (1) 
through (5) for each said model and each said backbone; 

• a 13mer T-cell epitope peptide having a potential JWHC c^ss il binding actfvify 
5 and created from non^odified FVlll, selected from the group as depleted in 

Table 1 and Ks use for the manufocture of FVIil having substanfiali/ no or less 
ImmunogeniciV than any non-modified molecule with the same biological 
acti\% when used ^ \4vo; 

• apeptidesequenoeconsistingofatieastSoonsecLtiveaminoacidresidu^of 
10 a 13merT-oeli epitope peptide as specified above and its use for the 

manufk^re of FVllI having substantially no or less immunogenlcify than any 
non-modified molecule and having the biological activity of a human factor VIII 
when used m vivo: 

• a 13mer T-cell epitope peptide having a potential MHC class II binding activity 
15 and created from non^odified i^ll, selected from any of the group of 

sequences (T able 1) and its use for the manufacture of i=VIII having 
substantially no or less Immunogenieity than any non-modlffed molecule and 
having the biological actlvfty of a human factor VIII when used in wo; 

• a peptide sequence consisting of at least 9 consecutive amino acid r^fdues of 
a 13mer T-cell epitope peptide as derived from any of the sequences In Table 
1 and its use for the manufacture of FVlll having substantially no or less 
Immunogenieity than any non-modrHed nnolecule and having the biological 
activity of a human factor VIII when used in vivo. 



25 



30 



The tenn T-cell epitope- means according to the understanding of this imrention 
an amino acid sequence which is able to bind MHO class II, able to stimulate T- 
cells and / or also to bind (without necessarily measurably activating) T-cells in 
complex with MHC class il. 

The terni "peptide" as used herein and in the appended claims, is a compound 
that Includes two or more amino acids. The amino acids are Hnked together by a 
peptide bond (defined herein below). Tneps ers 20 different naturally occumng 
ammo adds evolved in the biological production of peptides, and any number of 
them may be finked in sny ortierto fomi a peptide chsin or ring. Tix, n^RrsJK. 
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the Lrconfiguration. Synthetic peptides can be prepared employing conventional 
synthetic methods, utilizing L-amIno acids, D-amIno acids, or various 
combinations of amino adds of the two different configurations. Some peptides 
contain only a few amino add units. Short peptides, e.g., having less than ten 
5 amino acid units, are sometimes refen-ed to as "oligopeptides". Other peptides 
contain a large number of amino add residues, e.g. up to 100 or more, and are 
referred to as "polypeptides". By convention, a "polypeptide" may be considered 
as any peptide chain containing three or more amino acids, whereas a 
"oligopeptide" Is usually oonsiderbd as a particular type of "short" polypeptide. 
10 Thus, as used herein, it is understood that any reference to a "polypeptide" also 
indudes an oligopeptide. FuiOier, any reference to a -peptide" indudes 
polypeptides, oligopeptides, and proteins. Each different arrangement of amino 
adds forms different polypeptides or proteins. The number of polypeptidea-«nd 
hence the number of different proteins-tiiat can be fornied is practically unlimited. 
IS "Alpha carbon (Ca)" Is flie carbon atom of the carbon-hydrogen (CH) component 
that Is In tiie peptide diam. A "side chain" is a pendant group to Co that can 
comprise a simple or complex group or moiety, having physical dimensions that 
can vary significantly compared to the dimensions of tiie peptide. 

The Invention may be applied to any l=VIII spedes of molecule w'rth substantially 
20 the same primary amino acid sequences as those disdosed herein and would 

Include therefore FVIII molecules derived by genetic engineering means or other 

processes and may contain more or less ttian 2332 amino add residues. 

FVIII proteins such as identified from other mammalian sources have in common 

many of the peptide sequences of the present disclosure and have in common 
25 many peptide sequences with substantially the same sequence as tiiose of the 

disdosed listing. Such protdn sequences equally theretore fall under the scope 

of the present invention. 



The Invention is conceived to overcome the practical reality that soluble proteins 
30 introduced Into autologous organisms can trigger an Inunune response resulting 
in development of host antibodies that bind to the soluble protein. A prominent 
example of this phenomenon amongst others. Is the dinical use of Interferon 
alpha 2 0NFa2). A significant proportion of human patients treated witfi iNFa2 
make antibodies despite the feet that this protein is produced endogenously 
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[Russo. D. et al (1986) S>/d; Stefn. a et al (1088) m. For many patfente wrth 
hemophillia A antibody lesponses to the ©dstfng therapeutic preparations of FVTil 
Is a significant problem In the mangement of their disease. In the absence of 
endogenous FVIII in their droulation. the therapeutic is recognised as a foriegn 
protein ftnmunologically and stimulates a dose limiting immune response. The 
present Invention seel^ to address this by providing FVIIIproteins with altered 
propensity to elicit an Immune response on administration to the human host 
According to the methods described herein, the Inventors have discovered the 
• regions of the FVIII molecule comprising the criHcal TH5ell epitopes driving the 
Immune responses to this protein. 

The general method of the present invention leading to the modified FVIII 
comprises the following steps: 

(a) detemilning the amino add sequence of the polypeptide or part thereof; 

(b) identriying one or more potential T-cell epitopes within the amino add 
sequence of the protein by any method indudlng determination of the binding of 
the peptides to MHC molecules using /n vitro or In sOIco techniques or biological 



(c) designing new sequence variante with one or more amino acids within the 
identified potential T-cell epitopes modified In such a way to substentiaHy reduce 
or eliminate the acHvlly of the T-cell epitope as detennined by the binding of the 
peptides to MHC molecules using in vitro or fn sillco techniques or biological 
assays. Such sequence variants are created in such a way to avoid creation of 
new potential T-cell epitopes by the sequence variations unless such new 
potential T-cell epitopes are, In turn, modified in such a way to substantially 
reduce or enminate the activity of the T-cell epitope; and 

(d) constructing such sequence variants by recombinant DNA techniques and 
testing said variants in order to identiiy one or more variante with desirable 
properties according to well known recombinant techniques. 

The identifia^on of potential T-cel! epitopes according to step (b) can be carded 
out according to methods describes previously In the prior art. SuiTabte methods 
are disclosed In WO 98/69244; WO 9S/5297S: WO 00/34317 and mav or^eim^f 



18. APR. 2002 15:02 mi ^ 

I020fi4.BZ-Q20418 - 13 - 

be used to Identify binding propensity of F=VIIMerived peptides to an WIHC class 11 
molecule. - ■ 

In practice a number of variant FVIII proteins will be produced and tested for the 
5 desired Immune and functional characteristic. The variant proteins will most 
pr^rably be produced by recombinant DNA techniques although other 
procedures Including chemical synthesis of FVIII fragments may be 
contemplated. 

10 The results of an analysis according to step (b) of the above scheme and 
pertaining 1o the human FVIil protein sequence Is presented in TABLE 1. 

The invention relates to FVIII analogues in which substitutions of at least one 
amino add residue have been made at positions resulting in a substantial 
15 reduction in activity of or elimination of one or more potential T-ceB epitopes from 
the protein. One or more amino acid substitutions at particular points witiiin any 
of the potential MHC class II llgands Identified In TABI£ 1 may result m a FVIII 
molecule with a reduced Immunogenic potential when administered as a 
therapeutic to the human host 



20 



25 



It Is most preferred to provide an FVIII molecule in which amino add modification 
(e^. a substitution) is conducted wittiln tiie most immunogenic regions of the 
parent molecule. The major prefened embodiments of tiie present Invention 
comprise FVIII molecules for which any OfVne MHC class II ligands of TABLE 1 
are altered such as to eliminate binding or otherwise reduce tiie numbers of MHC 
allotypes to which the peptide can bind. 



For the elimination of T-cell epitopes, ammo acid substitutions are preferably 
made at appropriate points within the peptide sequence predicted to achieve 
30 substantial reduction or elimination ofthe activity oftheT^II epitope. In practice 
an appropriate point will preferably equate to an amino add residue binding wlttiin 
one of the pockets provided witiiln tiie WIHC dass II binding groove. 
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It is most prsferred to atfer binding within the first podoet of the cleft at the so- 
called P1 orP1 anchor position of the peptide. Thequarity of binding InteraoQon 
between the P1 enchor residue of the peptide and the first pocket of the MHC 
class II binding groove Is recognized as being a major determinant of overall 
binding affinity for the whole peptide. An appropriate substitutibn at this position 
of the peptide will be for a residue less readily acoommodated within the pocket, 
for example, substitution to a more hydrophilic residue. Amino acki residues in 
the peptide at positions equating to binding within other pocket regions within the 
i\^HC binding deft are also consldered*and fall underthe scope of ^e present 

It Is understood that single amino acid substitutions within a given potential T-cell 
epitope are the most prefisned route by which the epitope may be eliminated. 
Combinations of substitution within a single epitope may be contemplated and for 
example can be particularly appropriate where indl\^dually defined epitopes are In 
overlap with each other. Moreover, amino add substitutions either singly within a 
given epitope or in combination within a single epitope may be made at positions 
not equating to the "podcet residues" with respect to the MHC class II binding 
groove, but at any point within the peptMe sequence. Substitutions may be made 
witii reference to an homologues structure or stru^ral method produced using in 
sIBoo techniques known in the art and may be based on known strudural features 
of the molecule according to this invention. All such sut>stituflons fall within the 
scope of ttie present invention. 

Amino acid 8Ut>stftutions other than wlfliin the peptides identified above may be 
contemplated particularly when made In combination wntii sub8titution(8) made 
within a listed peptide. For example a change may be contemplated to restore 
structure or biological activity; of ttie yarfarit molecule. Such compensatory 
changes and changes to include deletion or addition of particular amino add 
residues from the FVili polypeptide resulting in a variant with desired activity and 
in combination with dianges in any of the disclosed peptides fall underthe scope 
of the present 

In as far as tliis in\ e T ic n rjfaies to modinsd R/lll, compositions contsinlng ?y«h 
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compositions should be consldened within the scope of the Invention, in another 
aspect, ffie present Invention reiates to nueieio acids encoding modified FViil 
entities. In a further aspect the present Invention relates to methods for 
therapeutic treatment of humans using tiie modified FVIil proteins. In a further 
5 aspect still, the invention relates to metiiods fbr therapeutic treatment using 
pharmaceutical preparations comprising peptide or derivative molecules witii 
sequence identity or part identify with the sequences herein disclosed. 

The invention will now b§ illustrated by the folMng Table: 

10 

Table 1: provides a Tist of peptide sequences in human Factor Vlii v\^th potential 
human Mi^C class II binding activty Peptides are l^ers, amino acids are 
identified using single letter code 



15 TRRYYLGAVEI-SW/ 
GKVELSWDYMQSD, 
DTiMQSDLGBLPVD, 
ARFPPRVPKSPPP, 
FPPNTSWYKKTI., 

20 KTLFVEFTDHLPH, 
CFTOHLPNXAKPR, 
PPn£f6II.GPTIQa.r 

VyDTWlTLRMHA, 
25 XXLKNUASBPVSL, 

V6VSiniinQlSB(32VB, 
aEYDDQTSQRBKE, 
GSHTYVf7QVLKEN^ 

30 WQVLKENGPimSD, 
DPLCLTYSYLSHV, 
SYLSBVDLVKDIiH, 
KDLNSGI.IGJU;.I.V, 
GLIGXLLVCBSGS, 

35 ZZ^rCStEGSJJ^Kf 
HKPlliEAVPDEG, 
LLFAVF0BGK5WH/ 



VELSWDYtdQSDLG, 
SDLGELPVDARPP, 
PRVPKSFPFNTSV, 
rSWYKKTLFVEF, 
TlPVEETDHLFNl, 
DBLPNX^PRPPW, 
PRUGLLGPTIQAEr 
PT1Q2U3VYDTWI/ 

TLKNtCVSBPVSLR, 

pvsx>aAVGvs^n»Kr 

QREKEDDKVFPGGr 
HTYVWQVLKBNGP, 
QVLKENGPMASDPr 

SHVDLVKDXNS6X., 
DLHSGLZGALLVCr 
IGJUiLVCREGSLAr 
GSIAKBKXQTLHK, 
KFILLE'AVFDSGKr 
PaVFDB6£CSWHSE, 



RYVLGAVBLSWDY, 
I1SWDYMQSDI.GBX., 
GELPVDARFPPRV, 
PKSFPPNTSWYK, 
S WYKKTLFVBPT r 
LPVEFTDKLPNIA, 
BLFCriAKPRPPHMr 
IdGLLGPTIOZVEVnTr 
ABVYDTWITLKN, 
TWlTUSmhSKB, 

VSLHAVGVSVffiTKA, 
SyWKASEGAEYDD, 
OKVFPGGSHTYVW, 
TYVWQVLKSKTGPIS, 
KENGPMASDPLdi, 
LTYSYiSHVDLVK, 
VDLVICDLHSGLIG/ 
LNSGLIGftLLVCR, 
GALI.VCREGSLAK, 
QXLHKFIUiFAVF, 
FIlJliFAVFDBGKS / 
AVFDEGRSWHSBT, 



YYLGAVEXiSWO^, 
WDWflQSDXGELPV, 
LPVDARFPPRVPK, 
KSFPFHTSWYKK, 
WYKKTLFVBFXD/ 
VBFTDRLFtllAKPr 
PNIAKFRPPWfifGL, 
GLLGPTIQASVYDi. 
EVYDrWTTJiKNM, 
WXTLKNMASRPV, 
SHPVSLHAVGVSY, 
BAVGVSYWK^SBG, 
SGABYDOQTSQRB, 
KVFPGGSRXYVWQ, 
YVWQVLKBNGFMA, 
GPMASDPLCLTYS, 
YS YLSHVDLVKDl , 
DLVKDLNS6L1GA, 
SGLXGALLVCREG, 
ALLVCREGSIAKE, 
TLHKPXLIPAVFD,. 
ZX>IiFAVFDE6KSW , 
KSWHSBXKNSLMQ/ 



PniDfansszeit IS-APf. 14:56 
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FKMHTVNGYVNRS, 
RSZ.P6LI6CHRKS, 
SVYWHVIGMGTTP, 
5 ZGHGTTPEVRSZF^ 
SIFLBGaTFLVRN, 
TFLVRNHRC2ASLE, 
OASIiEZSPlTFLT, 
SPITPLTAQTLLM, 

10 TLLMDLGQPLLFC, 
GQEXLFCHISSHQ, 
CHISSHQHDGMEA,. 
AYVKVDSCPEEPQ, 
LBMKNNEBABDYD, 

15 DDLTDSEMDWRP, 
WRPDDDNSPSFI, 
SFIQIRSVAKKHf^ 
TWVBYZAAEEEDtir/ 
WOXAPLVIAPDDR, 

20 VLAPDDRSYKSQY, 
QYLNN6PQRZGBK, 
KKVRE^YTDETF/ 
Eiya&YTDETFKTRB / 
k-KTBEAXQHSSeZ/ 

23 SGZIiGPLLYGEVG/ 
LLYGEV6DTLI.il, 
LLXZFKNQ2VSRPY, 
RPYNIYPHGZTDV, 
HGZTDVRPLYSRR, 

30 XtRLPKGVRHLKDF, 
KDFPZLPGBIPKy, 
BZFKYKWTVTVED, 
VTVEDGPTKSDPR, 
XRYYSSFVNMERD, 

35 VmSEBDlASGLXG, 
LaSGLZGPLLZCY, 
5LLZCYKESVT>Ap., 



SLMQDRDAaSARA, 
HTVHGYVNRSLPG, 
PGLZGCHRKSVYW, 
VYjgHVZGMGTTPE, 
GTTPEVHSZFLE6, 
ZFLEGBTrLVBlflH, 
FLVBNBRO&SLBZ, 
ASLEZSPZTFLXa, 
ZTFLTAQTLLMDL, 
LLMDLGQFLLFCB, 
QFLLPCaiZSSHQH, 

VKVDSCPEBPQLR, 
NEEAEDYDDDLTD, 
SEMDWRFDDDNS, 
ViU?DDDNSPSPZQ, 
XQZRSVZURKHPKT/ 
VHYZAAEEE0WDY, 
APLVZAPDDRSYK/ 
RSYKSQYLNNGPQ, 
NGPQRZGBKYKKV, 
KVRFMftYTOETFK, 
MAYTDBTFKTRBA, 
TBEAZQHBSGILG, 
GZLGPLLY^VGD, 
GEV6DTLLZZFKR, 
LZZFKHQASRPYNr 
YUIYPHGZTDVRP, 
TDVRPLYSRRLPK, 
KGVKHLKDFPXIP, 
PPILPGEIFKYKW, 
FKYKWTVTVEDGP , 
GPTKSDPRCLXRY, 
RYYSSFVNMERDL, 

KMERDlrASGLIGFr 
SGLXGSLLZCYKE, 



KQDRDftASARAV7P^ 

NGZVtlRSLPGLZG, 

GLZGCHRKSVYim, 

WBTZGMGTTPEVH, 

PEVHSZFLBGHtF, 

GBTFLVRNHRQAS/ 

VBNHRQASLBZSP/ 

LSZSPZTFZ.TAQT, 

TFLTAQTLLM016, 

MDLGQFLLFCHIS/ 

PLLFCHISSHQHD, 

DOIBAYVKVDSCP, 

DSCPEEPQLBMKN, 

BDYDDDLTDSEMD, 

MDWRFDDDMSPS, 

DNSPSPIQIRSVa, 

RSVZiKKHPKTVrTH, 

HYXAAEEEDWDYA/ 

PLVZJ^OOBSYKS, 

YKSQYLNNGPQRZ, 

QRZGRKXKKVSmr 

VRFMAYTDETFKTr 

YTDETFKIRBAXQ, 

EAZQHESGZLGPL/ 

GPLLYSn^GDTLL, 

DTLLZZFKNQaSR, 

ZXFRlilQASRPYNZ, 

nZYPBGITDVRPI., 

RPLYSBRLPKGVK, 

KHLKDFPXLPGBZ, 

PILPGElFKYKEfT, 

YKtJTVTVEDGPTK, 

SDPRCLTRYYSSF, 

SSFVSaSHDLASG , 

RDLASGlIGPIiIiI, 

GLIGPLLICYKES, 



RAE9PKMHTVNGYV, 
GYVNRSLPGLZGC, 

KsnmHvimisxT, 

HVZGM6TTPSVHS, 
HSZFLEGHXFLVR, 
HTFLVRinaiQftSL, 
RQASLBISPITFL, 
ZSPZTFLTAQTLL, 
QTLUMDLGQFLLFr 
DLGQFLLFCHZSS, 
LLFCHXSSHQKDG, 
EAYVKVDSCPEEP, 
POLRMOTNEEAED , 
DDDLTDSBMDWR, 
DWRFDDDKSPSF, 
PSFIQIRSVJ^KKB, 
KTWVHYZAAESED, 
SDWDYAFLVLAPD, 
LVLAPDDRSYKSQ, 
SQYLMNGPQRZ6R, 

RfHAYTOETFKXR/ 
ETFKXRSAZQHES/ 
QHESGILGPLLYG, 
PLLYGEV6DTLLI, 
TLLZZFKNQASRP, 
SRPYNZYPHGXTD, 
PfiGZTDVRPLYSRr 
PLY5RRLPKGVKH/ 
LKDFPZLPGEZFK, 
6EZFKYKWTVTVE, 
MTVTVEDGPTKSD, 
RCLTRYYSSFVNM, 
SFVNCIIEROLASGL, 
DLASGLXGPLLIC, 
GPLLXCXSESVDQ., 



18. APR. 2002 15:02 

ia20£4-BZ^041 



1^ 



6151 727191 



- X7 - 



NR. 910 S. 22 



RNVILI'SVFDENR 
LFSVFDBNRSWYI. 
aWXLTBNIQRFLP 
RFLPNPAGVQLED 
5 QLEDPEFQASHItl. 

WFOSLOLSVCIH 
ISVCLHEVAXWTfl 
AYWYXLSIGAlQTD 
10 ILSIGAQTDFLSV^ 
DFIiSVFFSGYTFK 
FSGYTFKHKNVYE 
KHVYEDTLTLFPF 

15 TVBIlSMEtlPGLWI 
GX.WIL6CHMSDFR 
CBNSOFBNRGMIA 
ALLKVSSCDKNT6 
EDSyEI>X5A.YL£S 

20 ZSftYLLSKeiNAIE 
SKNKAIEPRSFSQ 
TTIPENDIEKXDP 
PWFJUmTPMPKIQ 

25 lmllrqsptphgl 
lslsdlqbakyet 
pspgaioshnsls 
semthfrpqlhhs 

GDMVFTPESGLQIt 
30 LQErRLNERLGTTH, 
KLGTTAA.TSLKKL 
KKLDFKVSST91IN, 
TSMBLZSTXPSDN 
SOtnAAGTDIITSS 
35 SSLGVSSJSEVaXD 
VHYDSQLDTTZ.FG 
TIiFGKKSSPLTES 
SEENNDSKLLESG 



imiiFSVFDEHRS 
FSVFDENRSWYLT 
. WYLTENIQRF1.PN 
AGVQLEDPEFQAS 
PEFQ&SNIMUSIN 
1N6YVFDSLQLSV, 
VFDSLQISVCIHE 
VCLHEVAYWYILS 
YWYILSIGAQTDF 
LSI6AQTDFLSVF, 
LSVFFSGYTFKHK, 
SGYTFECBKHVXBD 
tlVYEOTLTLFPFS 
FPFSGSTVFUSHE 
vnOSMENFGLWIL 
£ffILGCHN5DF]RN 
SDFRNE(GMXm.K, 
IiKVSSCDRNTGDy 
DSySOZSAVUSK. 
SAXLLSKMNAZEF 
NAIEFRSFSQNSR 
HDIERTDPDVFAEt^ 
TPMPKIQNVSSSD 
SDLIJ)II.IJRQ5P7P 
lOiLROSPTPHGLS 
SDLQEAKYETFSO 
SPGAIDSmiSLSB 
THFRPQLHHSGDM 
DMVFTPESGLQLR 
LBLNEKLGTrAAT 
ZAATSLKSODFEOr 
KIiDFKVSSTSNSIL 
NHLISTXPSDHLA 
DEIIA2VGTD11TS3L 
PSMPVHyDSQLDT 
HYDSQLDTTLFGK, 
SPLTESGGPLSI^S 

NDSKLLESGLtftlS 



VltFSVFDBMRSW 

SVFDENRSWytTB 

EIIIQRFI.PNPAGV, 

GVQLEDPEFQASN 

SNIMHSIMGYVFD 

KGYVFDStQLSVC 

DSLQLSVCtiHEVA 

HEVAYC9YILSIGA 

WYII.SIGAQTDFL 

iGAQTDBXSVPFS 

SVFFSGrrFKHKM 

YTFKHKMVYBDTL, 

DTLTLFPFS6ETV 

SGBTVniSNENPG 

MSMBtlFGLWILGC 

WILGCHNSDFRNXt 

BGMTAILBVSSCD, 

GDYXEDSYBOISA 

EDISAYLLSmiA, 

AYIASKHNAIBFR, 

RSFSQNSRHP&TH 

TDPnrFAI£RTPMPK, 

PKIQNVSSSOLLM 

DLXl!ai.X.EQSPTPH 

HGLSLSDLQEAKY 

ABCCETFSDDPSPG 

GAIOSNNSLSEMT 

PQLHHS6DUVFTP 

MVFTPESGLQLRL 

BLNEKX.GTTAATS 

TBLKKLDFKVSST 

LDFICVSSTSNNLI 

NZ.ZSTZPSDNLAA, 

LAAGTDNTSSLGP 

MPVHYI^QLDTTL 

SQLDTTLF^CKSS 

GPLSLSSEHNDSK 

SKLLE5GLS07SQB 



TLFSVFDESRm, 

RSWYLTENZQRFLr 

QRFLPNPAGVOLB, 

VQLEOPBFQASNZ, 

HXMHSXNGYVFDS, 

GYVFDSLQISVCI., 

LQLSVCLHEVAY(7, 

VAYWYItSZGAQT, 

YII.SXGAQTDFLS, 

TDFiSVPFSGYTF, 

VFESGYTFKHKMV, 

HKBSVYBOTLTLFPr 

LTLFPFS6ETVFM/ 

ETVElOSMENSGLn, 

FGLWZZiGCHNSDFr 

GCHMSDFBSlRQ>ir, 

TALLKVSSCOKNTr 

DYYE05YB0ZSAY/ 

DISKXLLSKSmi, 

YL]D8KNKAZEPRS, 

KQf19AXTZPENDZ, 

DPWFAHRTPMPKX, 

C2HVSSS0LLMLLR, 

XJLJMi^LRQSPTPHG, 

GLSLSDLQEAKYE, 

ETFSDDPSP6A1D, 

NSLSEHTHFRPQL, 

HSGDIWFTPESGL, 

SGLQLPLNEKLGX, 

BKLGTTAATELKK, 

ELKKLOFECVSSTS, 

FKVSSTSNNLZST, 

STIPSONLAAGTD^ 

OMTSdI.GPPSMPVr 

PVHYDSQLDTTLFf 

TTLFGKKSSPLTB, 

LSI^EENRDSKXiL, 

KLLBSGLMNSQESr 
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SffGKNVSSXBSGR, 
FK^CRAHGPALLT 
ALLTKDNALFKVS 
5 FKVSISLLKTMKT 
ISLLRTNKTSmiS 
HRKTBID6P5LLZ 
PSLLXENSPSWQ 
PSWQNILESDTE 

10 DTBFKKVTPLIHD 
VTPI.IHDSMLMDK 
HDJRMLMDRNATAI. 
OKNAXALRLNHEIS 
NHMSNKTTSSKMM, 

IS KNlffitlVQQKECEGP 
GPIPPDAQNPDMS 
MSFFKMLFLPESA, 
KMLFLPBSARSriQ 
ARWZQRZHGKNSL 

20 PKQLVSL6PSKSV 
VSLGPEKSVBGQN 
SVEGQNFLSBKHK 
KJCWVGKGEPTKD 
GBFXKDVGLKBMV 

25 LKEMVFPSSRHLF 
SSRIS[LFI.TNLDNL 
LFLTNLDNLHENK 
LDNLHEtiniTHNQE 
QEEIEKKBTLIQE 

30 fiTLIQENVVLPQI 
NWLPQIHTVTGT, 
IBTVTGTKNmKN 
PtdKNLFLLSTRC2E7, 
LFLLSTfi.QNVE6S 

3S EGSYDG&YAPVLQ 
YI&PVLQDEEtSLSD, 



GI^SQESSIirGKN, 
KNVSSTESGBLFK, 
ABGPALLTKDIiaii/ 

DMALFKVSISLLK,. 
KVSISliatTNKTS, 

sllktnktshnsa, 
thidgpslliens, 
sllienspsvwqn, 
svwqnilbsdtef, 
tefkkvtplihdr, 
xpi.jhdbiq:.mdkn, 

KI»lTALSLMHMSN, 
MEMVQQKKE6PZP, 
PDAQtlPDMSFFlQa, 
SFFKfiXLFLPESASr 

IWIQRXHGEXISLN/ 
KOLVSLGPBKSVE/ 
LGPBKSVBGQKFIi, 
G(^FLSEKNKVW, 
KVWGKGBPTKDV, 
KDV6LKEMVFPSS/ 
KEM\rPPSSBNLF];^ 
SRNLFLTNLCfHLB, 
LTNLDNLHENNTH, 
DNLHENHTHNQEK, 
SEIEKKETLIQEH, 
TLIQENWLPQIH/ 
WLPQIHTVTGaK, 
HT VTGTKNFNKNL / 
MKHLFItLSTRQtlV, 
FLLSTRQNVEGSY, 
GSYD6AY2kPVIiC2D^ 
APV£QDFRSXiE10S p 



LMMSQESSWGRNV, 
GRLFKGKBl^GPA, 
HGPALLTKDIilALF, 
NaLFKVSISLLRT, 
VSISLLKTHKTSN, 
LLKTNKTSNMSAT, 
DGPSLLIENSPSV, 
LLIENSPSVWQNI, 
QNIIESDTBPKKV, 
FKKVTPLIHDRkD, 

EasVQQIOaSGPIPP, 
19PDMSFFRMLFLP, 
FFKIilLFLPBSARtir/ 
LFLPESARdiTIQRT/ 
IQBTBGKNSLNSG^ 
QLVSI.6PERSVE6, 
GPERSVEGQRFLSr 
QNFLSBKMKVWGr 
WVGKGEFTKDV6, 
VGLKEMVFPSSKN, 
EMVFPSSRNLFLT / 
RIILFLTlilLDNLHE, 

ITNLDnLHENNTHITr 
BKKIQEEIEKKET, 
lEKKETLIQENW, 
IQENVVI.PQIHTV, 
LPQIHTVTGTKNF, 
KNnaKNLFLLSTR/ 
KNLFlrXSTRQNVEr 
RQNVSGSYD6AYA, 
DGJ^YAFVLQDFRS, 
PVLQDFRSLSmST/ 



SSWGKNVSSTBS6, 
RLSlCGKRAaGPAL, 

ALFKVSZSLLKTN, 
SISLLKTUKTSNH, 
KTSNNSATBRKTH, 
GPSLLIEHSPSVW, 
lENSPSVWQHILE, 
NILESDTBPKKVT, 
KKVTPLIHDBMLM, ' 

M£>MDKNATAL£LLH, 
I.RLNH{1S13KTT5S, 
SKtlMEMVQQKKBG, 
B6PlPP0A<^PDta, 
POMSFFKiiltFLPE r 
FKMLFliFESABWI, 
SARWIQRTHGKNS, 
nSLHSGQGPSPKQ, 
LVSLGPEKSVEGQ, 
KSVBGQHFLSEKEIr 
NFLSEKHKVWGK, 
KGEFTKDVGLK5M, 
GLKEMVPPSSKNI,, 
MVFPSSROTiFLTH, 
tlLFIiTNLOlILHEIil, 
NLDNLHBNNTHNQ, 
KKIQBEIEKKETLr 
KKETLIQBNWLP/ 
ENVVLPOlHTVTGr 
PQIHTVTGTKNIM, 
NFMKNLFLLSTRQr 
NLFLLSTRQHVE6, 
QNVEGSYDGAYAP, 

JtQVFRSLNDSmR, 

',*it*:^-s.'9-7*,0m^»»*» ^ ^ 
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EGIGNQTKQIVEK, LGNQTKQIVEKSA, KQIVEKXACTTRI, QIVBEWACTTRIS, 
EKX&CTTRISBNT, TTRISPNTSQQNF, TRISFNTSQQNFV, NTSQQNFVTQRSK, 
TSQQNFVTQRSKR. QQNFVTQRSKRflL, QMPVTQRSKRaLK, MFVXQRSKRAI.KQ. 
QRSKRALKQFRLP, RALKQFRLPLEET, KQFRLPEEETELE, QFRLPLBETBIBK, 
5 FRLPLBEXELEKR, LPLBETBIEKRII, PLBETEU5KRIIV. LEBTBLBKRlIVD, 
TELBKRIIVDDTS, EKRIIVDDTSTQW, KRIIVDDTSTQWS, RIIVDDTSTQWSK, 
IIVDDTSXQWSKN, VDDTSTQffSKNMK, TQWSKMMKHLTPS, SKNMKHLTPSTLT, 
KNMKHLTPSTLTQ, KHLTPSTLTQIDY, PSTITQIDYNEKB, STMQIDYKBKBK, 
LTQIDYNEKEKGA, TQIDSOSBKEKGAI, QIDltNEKEKGAIT, IDYNEKBKSAITQ, 
10 EKEKfiAITQSPlS, GAITQSPLSDCLT, -SPLSDCX-TRSHSI , SDCifcTRSHSIPQA, 
DCI.TRSHSIPORN, SHSIPQaNRSPlP. HSIPQMIRSP1.PI , RSPLPIAKVSSFP, 
SPLPiaKVSSPPS, PLPIAKVSSPPSl, LPIAKVSSFPSIR, lAKVSSEPSIRPI, 
AKVSSFPSIRPIY, VSSFPS1RFI«.T, SSFPSIRPIYLTR, FPSIRPIYLTRVI., 
PSIRPIYLTRVLP, SIRPIYLTRVLFQ, RPIYLTRVLFQDN, PIYLTRVIFQDNS, 
15 lYLTRVLFQDNSS, LTRVLFQMISSHL, TRVLPQDNSSHLP, RVIFQDNSSHLPA, 
VLPQDNSSflI.PAa, QDUSSHLPAASXR, NSSHIPAASYRKK, SSHLPAASYRKKD, 
SHLPaaSYRKKDS, AASYRKKDSGVQE, ASYRKKDSGVQES, KKDSGVQBSSHFL, 
KDSGVQBSSHFLQ, DSGVQESSHFLQG, SGVQBSSHFLQGA, VQESSHFI-QGAKK, 
8BFLQGAKBCNNL5, HPLQSAKKNNLSL, NNI.SLAILTLBMT, HI.SLAILTLEMT6, 
20 LSLAILTLEMTGD, lAILTLEMTGDQR, AII.TLEMTGDQRE, ITLEMTGDQREVG, 
TLEMTGDORBVGS, I^MTGDORBVGSL, TGDQREVGSISBS , QREVGSLGTSATM, 
REVGSIGTSAINS, VGSLGTSATOSVT, GSLGTSMNSVTY, KNHI.SLA1I.TLBM, 
NSVTYKKVEMTVL, SVTYKKVBNTVLP, VTYKKVENTVIPK, KEWENTVLPKPDL, 
NTVLPKPDLPKTS, PDLPKTSGKVELL, SGKVELLPKVHIY, GKVEU.PKVHIYQ, 
25 VELLPK7HIYQKD, ELLPK7HIYQKDL, LPKVHIVflKDLPP, PK7HIYQKDLPPT, 
VHIYQKDIFPTET, HIYQKDLFPTBTS. KDLPPTETSNGSP, DI.FPTETSNGSPG, 
PCaH-DLVEGSM, GBLDLVEGSLMG, LDLVBGSLLQSTE, DLVEGSLLQGTBG, 
VBGSLLQGTEGM, EGSLLQGTEGAIK, GSLLQGTBGMKW, SLLQQTEGAIKWM, 
GAlKMHEaNRPGKr MKWNBJVHRPGKV, IKMMEftNRPGIWP, RPGKVPFLRVATB, 
30 6KVPIXRVATBSS, EWPFlRVaiESSA, VPPLRVMESSAK, PSXRVATESSAKT, 
FtRVaTESSAKTP, LRVATESSAKTPS, VKXESSARTPSKL, SKLLDPLAWDNHY, 
KKODPIABDNHYG,. LLDPLAWDNHYGT, LDPLMIDKHYGTQ, DPIAWDNHY6TQI 
■pLaWDMKYGTQIP/ UWDNHYGTQIPK, DNHYGTQIPKEEW, NHYGTQIPKEEWK 
GTQIPKEBWK8QB, TQIPKEEWKSQEK, KBBWKSQEKSPBK, EEWKSQEKSPEKT 
35 KSQEKSPEKTAPK, SQEKSWBKTAPKK, KTAFKKKDTILSL, QBKSPBKXAFKKK 
KSPEKTAFKKECDT. SPEKTAFKKKDTI , KTAFKKKDTILSL, TAFKKKDTII.SI.N 
APKKKDTILSLNA, DTltSUSIACESNHr TIlStNACESHHAr ILSLNACBSNHAI 
LStNACESUHAIA, HAlAAINBGQNKP, AIAAINEGQNKPE, lAAlNBGQNKPEI 
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AAINEGQNKPEZB, GQNKPEIEVTWiiK, QNKPBXBVTWJUCQ, 6QHKPBIBVTWMC 

PEIEVTWAKQGRT, EIEVT««^QGKTE, IEVTWMCQGRTe/ 
EVTV^QGRTERL, VT^Q<.RTBRLC, ^ERLCSQNPP^XK, ERLCSQNPPVLKR; 
NPPVLKRHQRBIT, PPVLKRHQREITR, PVLKRHQREITRT, LKRHQREITRTTL 
5 KRHQRBITRTXLQ, RBlTKETLQSDQB, TTLQSDQEEIDYD, QBEIDYDDTISVE ' 
BBIDYDDTISVEM, EIDYDDTlsVEfi«, IDYDDTISVEMKK, DTISVEI^dFd' 
TlSVEUKKEDFDl, ISVBMKKBDPDlY, SVEMKKBDPDIYD, VEMKKfiDFDIYDB 
BDPDIYOEDENQS, DPDIYDBDENQSP, FDIYDEI3ENQSPR, DIYDEDENQSPRs' 
^ YDBDBMQSPRSFQ, PRSFQKKTRHYFI, RSTOKKTRHYPIA, TRHYFIAAVERLW, 
10 RHYPIaAVERLWD, HYPIftAVERlWDY, YPlAATteRLWDYG, IAAVERLWI3YGMS 
AAVERLWDYGMSS, ERLWDYOfSSSPH, RLWDYGMSSSPHV, IWDYGMSSSPHVL ' 
WDYGMSSSPHVLR, YGMSSSPHVLRMR, MSSSPflVlJUIRAQ, SSSPHVLRNRAQS ' 
PHVLRNRAQSGSV, HVLRNRAQSGSVP, RAQS6SVPQEKKV, QSGSVPQFKKWp' 
GSVPQEKKWPQB, VPQPKKTVPQEPT, PQPKKWPOEPTD, FKKWFQBFTDeS ' 
15 KKWFQEPTDGSP, KWFQEFTDGSFT, WPQEPTDGSFTQ, VEXZEFTDGSPTQP ' 
QEFTDGSFTQPLY, GSFTQPLYRGEI.N, QPIYRGELKTEHLG, PLYRGELNEHLGl' 
GELNEHLGLLGPY, LNEHLGLLGPYIR, »EHLGLL6PYIRA, EHLGLLGPYIRAE 
LGLLGPYIRAEVE, GLLGPYIRAEVED, LGPYIRaEVEDWI, GPYIRAEVEDMIM,' 
PYIRAEVEDNIMV, YIRABVEDNIMVT, RABVEDNIMVTFR, ABVEDNIMVTIMI 
20 EDNIMVTFRNQAS, DNIMVTFRNQaSR, NlMVTFRMQftSRP, IMVTPRMQASRPy' 
MVTFRNOaSRPYS, VTFRN<2aSRPYSF, ASRPYSFYSSLIS, GRPYSFYSSIISy' 
RFYSFYSSLISYE, YSFYSSI.ISYEED, SFYSSLISYEEDQ, YSSLISYEBDQRq' 
SSLISYBEDQRQG, SLI5YEEDQRQGA, LISYEBDQRQG?^, ISYEBPQRQGaEP, 
KNFVKPHBTKTYP, NFVKPNE^TKTYFW, KTYFWKVQHHM31P, TYFWKVQHHMAPT, 
25 YFWICVQHHMAPTK. WKVQHHMaPTKDB, HHMAPIKDEPDCK, TKDEPDCKAWl^YF 
DEFDCKAWAYPSD, KMOVYFSDVDLBK, WAYFSDVDLEKDV, AYPSDVDLEKDVh' 
SDVDLBKDVHSGL, DVDLEKDVHSGLI , VDLEKDVHSGLIG, LEKDVHSGLIGPI., • 
KDVHSGL1GPIJ.V, DVHSGLIGPLI.VC, VHSGLIGPlLVCH, SGLIGPLIVCHTN 
GlIGPLLVCHTMT, IGPLLVCHTNTLN, GPLLVCHTNTLNP, PLLVCHTNTLNPA, 
30 ILVCflTNTLNPAH, MTlNPAHGRQTTV, AHGRQVTVQEPaL. RQVTVQBFALFFT, 
VTVQEFALFFTIF, TVQKFM.PFTIFD, QEFRLFPtlFDBT, FAIFFXIFDETKS 
i^FFTlFDETKSW, LFFTIFDETKSWY, FTIPDETKSWYFT, TIFDETKSWYPTE ' 
3^'™' SWV^^NMBRNCR, WY.TBNMERNCRA, FTBNMERNCRAPc; 
BKMER^CRAPCNI, PCNIQMBDPTFKE, CNIQMSDPTilCEl?, IQ^SSOPTBTOYR 
35 P.FKE.3^HAXH, B^m^.eYXM, NYRFHAXNGYIMO Y^S^' 

r"!™_— GY.^ ™ 
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IRWYLLSMGSNEN, RWY1LSM6SNENI, WYLtSMGSNBNlH, yLtSMQSNENIHS , 

LSMGSNENIHSIH, GSNENIHSIHPSG, ENIHSIHFSGHVF, HSIHFSGHVFTVR/ 

IHFSGHVFTVRKK, HF5GHVPTVRKKB, GHVPTVRKKBEYK/ HVFTVRKKEBYKMr 

FTVRBCKEEXKMAL, VRKKEBYKMJUtlfN, KBBYKMZVLYHLYP, EEYKMM.YHLYPG, 

5 YKfiiaLYNLYPGVF, MftliYHLyPGVEET, ALYNLYPGYFETV,. YNLYPGVFETVEM, 

NLYPSVFBTVEML, PGVFETVBMLPSK/ GTPBTVBMLPSKA/. FBTVSaSlLPSEAGI r 

BTVEMLPSKftGIW, VEMLPSKAGIWRV* BMLFSKAGIWRVB/ MLPSKAGIWRVEC, 

ASIWRVECLIGEH, GIWRVECXIGEHL, WRVBCLIGBHLHA, BCLIGEHLHAOIS, 

CLIGEHLHAGMST, BHLHl^GMSTlPLV, HLHA<aiSTLFLVV, AfflOSTLFLVYSMKr 

10 STLFLVVSHKCOT/ TLFLVYSHK^OTP, LPLVYSHKCQTPIrV EXVYSMKCQTPLG/ 

LVYSMRCQTPLGM, YSNKCQTPLGMM, QTP1G84M0HIRD, TPLGtDkSGHIRDF, 

LGMA8GHIRDFQI, SGHIRDFQITaSG, CTIRDFQITASGQ, IRDFQITASGQYG, 

RDFQITASGQYGQ/ PQITASGQYGQMA, BHUEmeMSTlFLV/ HLHA^STIFLVY, 

AGMSTLFLVYSMK, STLFLVYSBKCQT, TLrLVYSNKCQTP, LFLVYSHKCQTPL, 

15 F£VYSNKCQTPL6, LVYSNKCQTPLO^, YSMKCQTPL<a«aS, QTPLGimSGHIRDr 

TPLGMA5QHIRDF, LGMASGHIRDFQI, SGHIRDFQITASG, GHIRDFQITASGQ, 

IRDFQITASGQYG, RDFQITAS6QY6Q, FQITASGQYGQWA, TASGQYGQWAPKL, 

SGOYGQWAPKtAR, GQYGQWAPKLaRL , GQWAPKIARLHYS, QWAPKLAKLHYSG, 

PKLftRLHYSGSIN, ARLHYSGSINAWS, LHYSGSINAWSTK/ GSINAWSTKEPFS, 

20 NAWSTKBPFSWIK, EPFSWIKVDLLAP, FSWIKVDLIiAPMI, SWIKVDUiAPMIl, 

WIKVDLLAPMIIH, IKVDLLAPMIIHG, VDLLAPMIIHGIK, DIiIAPMIIHGIKT, 

LLAPMUHGIKTQ, APMIIHGIKTQGA, PMIIHGIKTQGAR, MIIHSIRTQSARQ, 

HGIKTQGARQKFS, GIKTQGARQKFSS, IKTQGARQKFSSL, GARQKFS5I.Y1SQ, 

QKFSSLYISQFIIr FSSIYISQFIIMY, SSLYISQFIIMYS, SLYISQFIIMYSL, 

25 LYISQFilMYSliD, YISQPIIMYSLDG, SQFIIMYSLDGKK, QFIIMYSLDGKKW, 

F1IMYSI.0GKKWQ, HMYSLDGKEOTQT, IMYSLDGKKWQTY, YSLDGKKWQTYRG, 

KKWQTYRGNSTGT, OXYRCTSTGTLMV, GTLMVFFfflSVDSS, TLMVFFGMVDSSG, 

IMVFFGNVDSSGl, MVFFGKVDSSOIK, VFFGMVDSSGIKH, FFGNVDSSGIKHN, 

GNVDSSGIKHNIF, VDSSGIKHMIFNP, S61KHNIFNPPII , 6IKHNIFNPP1IA, 

30 IKHNIFNPPIIAR, KHNIPHPFIIARY, HNIPWPPIIARYI , NIF»PP1IARYIR/ 

NPPIIARYIRLHP, FPIIARYIRLHPT, PltARYIRLHPTH, ARYIRLHPTHYSI, 

RYIRliHPTHYSlR, IRLHPTHYSIRST, THYSIRSTLRtKC, YSIRSTLRMBLMG, 

STLBMEIMGCDLN, TLBMEIMGCDLNS , LRMELMGCDtNSC, MEIMGCDLNSCSM, 

BtMGCDLNSCSMP, LMGCDLNSCSMPL, CDl^SCSMPLGl'lE, CSMPLGMESKAIS/ 

35 SMPlKaJBSKAISD, MPLGMBSKAISDA, LQSiESKAlSDl&QI , GMBSKAISDAQIT, 

SKAIS0AQITAS6, KMSDAOITASSY, AISDAQITASSYF, DAQITASSYFTNM/ 

AQITASSYFTNMF, TASSYFTNMFATW, SSYFTlsJMPATWSPr SYFTMMFAIWSPS, 

INMFATWSFSKAR, NMFAXWSPSEARL, FAXWSPSKARLKL/ AT«rSFSKARLaLQ/ 
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PSlcaRLHLQGRSN, ARLHIQ6RSNAWR, IHtOGRSNAMRFQ, QGRSNAWRPQVIJN. 

NAWRPQVWNPKEW, JPQVMNPKEWLQVD, MNPKEWLQVDEXJK, KEWLQVDFQKTMK, 

EWIQVDPQKIMKV, LQVDFQRIMKVTG, VDFQKTMKVTGVT, KT&IKVTGVTTQGV, 

MKVTGVTTQGVKS, TGVTTQSVKSLLT, VTTQGVKSLLTSM, QGVKSLLTSMYVK. 

5 GVKSLLTSMWKE, KSLITSMYVKBFL, SllTSMYVKEFLI , LTSMYVKBFLISS , 

TSMlfVKEFLISSS, SMYVKEELISSSQ, MWKEFLISSSQD, YVKEFLISSSQDG, 

KBPLISSSQOSHQ, BFLISSSQDGHQW, BXISSSQDGHQWT, ISSSQDGHQWTLP. 

50DGHQWXLFPQN, GHQWTLFPQMGKV, HQWTLPEXJWGKVK, WTtFPQNGKVKVP, 

TLPFQNGKVKVTQ, LPPQMGKVKVPQ6, N6KVKVFQGNQDS, GKTKTFQGMQDSP, 

10 VKVFQGNQDSFTP, KVFQGNQDSFTPV, DSFTPWNSLDPP, TPWWSLDPPLLT, 

PWNSLDPPLLTR, MSLDPPLLTRtt,R, SLDPP1I.TRXLR1, PPM.TRXI,RIHPq' 

PLLTRXLRIHPQS, TRYXRIHPQSWVH, RYLRIHPQSWVHQ, LRlHPQSWVHQlA, 

HPQSWVHQIM.RM, QSWVHQIALWSIEV/ SWVHQIAtBMBVLr WVHQIALRMEVLG, 

HQIALRMEVLGCE, IMJIMBVLGCEAQ, LRMEVIGCEAQDL, 

15 



HK. y IV 



APR. 2002 15:04 0049 727191 

ID20^BZ-020418 - 23 - 

Patent Claims: 

1. A protein having the biological acBvlty of human Factor VllI (FVIII) and 
being substantiaHy non-immunogenic or less immunogenic than any non- 

5 modified protein having the same biological activity when used in vivo. 

2. A protein of daim 1 vi/herein said loss of ftnmunogenicHy is deduced to a 
reduced number of potential T-oell epitopes. 

10 3. An amino add sequence which Is part of the sequence of an 

Immunogenlcally non-modlfled Factor VIH molecule and has a potential 
MHC dass 11 binding activity, selected from one of the 13mer epitopes as 
specified in Table 1. 

4. A protein of any of the claims 1 - 2. wherein one or more of the amino add 
sequences according to dalm 3 were modified by substituting, inserting or 
deleting one or more amino adds within said amino add sequences. 

5. A phamiaceutjoal composition comprising a protein as defined in daim 4. 

6. A method for manufacturing a protein of dalm 4 comprising the following 



IS 
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(1) detemilnlng the amino add sequence of the polypeptide or part thereof. 
OO identliying one or more potential T cell epitopes within the amino add 
25 sequence of the protein by any method including determination of the 

binding of the peptides to MHC molecules using in vitm or in sIHco 
techniques orblologloal assays; 

(Hi) designing new sequence vaiiante with one or more amino adds within 
the identified potential T cell epitopes modified In such a way to 
30 substantially reduce or eliminate the activity of the T cell epitope as 

detemilned by the binding of the peptides to MHC molecules using In v«m 
or in sllfco techniques or biological assays, said sequence variante are 
created In such a way to avoid creation of new potential T cen epitopes by 
the sequence variations unless such new potential T cell epitopes are. In 
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feim, modified in such a vi«y to subetentfalftr reduce orelfminate tfie actfvfty 
of fheT cell epitope. 

Ov) constructing such sequence variants by recombinant DNA techniques 
and testing said variants in order to IdenOfy one or more variants with 
^ desirable properties. 
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Abstract: 

The present invention relates to polypeptides to be administered especially to 
5 humans and In particular for therapeutic use. The polypeptides are modified 
polypeptides wheieby the modification results in a reduced propensity for the 
polypeptide to elidt an immune response upon administration to tiie human 
subject The Invention in particular relates to the modification of human Factor 
VIII (FVill} to result In FVitI proteins that are substantially non-immunogenic ojs 
10 less immunogenic than any non-modified counterpart when used fn vivo. 
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